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EXECUTIVE SUMMARY 
 
Introduction 
The request for water use in a more efficient manner is steadily increasing from Korean society. 
The paradigm of water resource usage also has greatly increased people’s interest in water 
quality improvement and caring for ecosystem. We must be at the turning point of water 
management which is required to perform in a smarter way. 
There is one region which has witnessed a growing possibility of water conflicts. In 2001, a 
water dispute between Jeonbuk and Chungnam area broke out due to competition for the surplus 
water of the Yongdam Dam. It led to a tentative agreement to supply water which will expire in 
2021. The agreement with a fixed expiry date sparked researchers' interest, and several research 
works have been conducted to assess future demands and develop the supply plans; however, 
most of them were based on quantitative analysis using data such as population growth. This 
type of research is typically used to plan water use under conditions that do not have competition 
or dispute. 
 
Purpose 
This study begins with the idea that although there are plans and researches that include 
utilization of the surplus water of the Yongdam Dam, the comparison of the importance or 
preference among the demands has not been fully addressed. Those were conducted mainly 
based on their own position focusing on quantitative method.  
Hence, the hypothesis is that in order to ease disputes and reach social consensus among 
stakeholders, the priority of water use should be justified by reflecting the changing social needs 
in integrated point of view. We will answer the question of what the priority of potential 
demands with Yongdam’s surplus water is. 
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Methods 
Collecting quantitative data is often an obstacles and needs substantial investment, preventing 
decision makers to carry out it. Hence, performing by qualitative method is the solution to this 
shortcoming. This study presents the application of a , multi criteria decision analysis technique 
named the analytic hierarchy process (AHP). 
 
The solution approach for analysis of people's preference consists of the following steps: 
 Identification of potential water demands for priority review, 
 Identification of criteria for prioritizing the developed demands, 
 Application of the AHP method to determine the evaluation model, 
 Prioritizing the demands by scoring using the determined model, 
 Sensitivity analysis to check the effect of criteria weights on the final results. 
 
Key findings 
Public perception. In the survey for the groups of public gathered by their residence, there is 
possibility that conflicts are still linked to regionalism. The two demands of domestic/industrial 
water from Jeonbuk and Chungnam will be in the fiercest competition among potential demands 
 
Decision makers’ opinion. The result of AHP analysis reveals water for domestic & industrial 
in Chungnam Province is chosen as the top demand. 
 
Sensitivity of the result. This study shows that the decision making process is quite sensitive to 
the change in the weight of criteria and sub-criteria. This means that the results of this study can 
be changed according to the scoring from the participants and the nature of competing water 
demands. It is also required to be careful in minimizing errors by participants. 
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I. Introduction 
A. Background 
The request for water use in a more efficient manner is steadily increasing from the Korean 
society. In 2016, a Basic Law on Water Resources Management has been submitted to the 
National Assembly and is being examined (The National Assembly of the Republic of Korea, 
2016), and the water management works among government departments will be integrated for 
their coordinaion and efficiency (Office for Government Policy Coordination, 2017). In addition, 
the government recently declared that the government would not build more dams and that future 
water management policies would shift from construction-oriented to management-oriented 
(Ministry of Environment, 2018). 
The Yongdam Dam, one of the biggest dams in Korea, is designed to supply the domestic 
and industrial water to Jeonbuk province where water shortage was expected from 2001 based on 
population growth forecasts (Ministry of the Interior and Safety, 1991). However, the demand 
from Jeonbuk province had not reached the expectations, and unexpected high demand from 
Chungnam province, a neighboring region, had occurred because of rapid industrialization. This 
circumstance precipitated water dispute between the two provinces in 2001 (Yang, 2007). As a 
result of the dispute, the dam has been providing the surplus temporarily to Chungnam province 
beyond its original purpose, and it is going to continue until 2021 according to a tentative 
agreement: The original right to water use is 76% in Jeonbuk and 24% in Chungnam, whereas 
the tentative water allocation rate is 58% in Jeonbuk and 42% in Chungnam (The Joint 
Conference for the Management of the Geum River Basin, 2002).  
The temporary agreement with a fixed expiry date sparked researchers' (JRI 2008; JPG 
2011; KEI 2013; SDIA 2014; MoLIT 2015; CGP 2015; Lee 2015) interest in Yongdam Dam. 
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Several research works have been conducting to assess future demands and develop supply plans, 
but most of them relied on quantitative data and its analysis. Here, the stress is on quantitative 
analysis of population growth, industrial development, and environmental pollution through 
various kinds of assumptions and estimations. Each research provides specific information 
around their target areas of research. Nevertheless, this type of research is typically used to plan 
water use under conditions that do not have competition or dispute. Figure 1 shows the outline of 
the surrounding area and current water use circumstance around Yongdam. 
 
Figure 1. General map of water conflict region around the Yongdam Dam 
 
 
B. Purpose of the study  
In recent years, there has been a growing possibility that conflicts will arise regarding the 
distribution of water between the two provinces. The main reason is the new demands for water 
resources, such as the demand for minimal flows in river maintenance.  
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We begin with the idea that although there are plans and researches that include utilization 
of surplus water of Yongdam Dam, the comparison of the importance or preference among the 
demands has not been fully addressed: Those were conducted mainly on their own positions 
utilizing quantitative method. The survey result (Table 1) we conducted for the general public 
shows that there is a possibility of regional bias. That is, to find acceptable right balance between 
demands including newly rising demands, the priority should be assessed through a 
comprehensive consideration. 
 
Table 1. Public preference for potential water demands  
   Potential Water Demands 
   In Jeonbuk Prov.  In Chungnam Prov. 
  A B C D  E F 
People based 
in Jeonbuk 
P1 1 3 2 4  5 6 
P2 1 2 3 4  5 6 
P3 2 3 1 4  6 5 
People based 
in Chungnam 
P4 6 3 2 5  1 4 
P5 6 4 3 5  1 2 
P6 6 4 2 5  1 3 
People not 
based in 
Jeonbuk & 
Chungnam 
P7 6 5 2 4  1 3 
P8 2 4 3 5  1 6 
P9 6 3 1 4  2 5 
Note: A~F stand for the investigated demands at Section 3.2, Table 3, Demand 1;3;4;5;2;6 in order . 
 
In this research, the goal is to investigate the priority of potential demands which have been 
considering the surplus fresh water of Yongdam as resources before the expiry of the agreement. 
With a multidimensional review, we can have a chance to contribute to social consensus by 
suggesting the priority objectively in the event of conflicts. Also, this will enable K-water to 
identify areas that they should be interested in when water management system is being reformed 
by government new policies. 
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C. Study question 
To achieve the purpose of the study, this study raises the question whether stakeholders 
considering the Yongdam Dam as a resource to satisfy their demand performed a reasonable 
assessment of its validity. The hypothesis is that in order to ease disputes and reach social 
consensus, the priority of water use should be justified by reflecting changing social needs in an 
integrated point of view. 
 
D. The significance of the study 
Recent shift in the paradigm of water resource usage has greatly increased residents' interest in 
water quality and waterfront improvement. In addition, it is urgent to establish measures to cope 
with climate change in the river watershed. More seriously, the Mangyeong River basin, which is 
 
Figure 2. Map of the Mangyeong River basin 
  
Supply to other 
watershed by 
diverting the river 
through tunnel 
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one of the rivers strongly related to the dam, has been granted river water intake permission 
excessively from the government, given its watershed condition. The permits of the Mangyeong 
River basin are 6.8 million m
3
/day (WAMIS), which is equivalent to 1,550 mm as annual rainfall 
when the total permit amount is converted into precipitation of the basin. This is higher than the 
average rainfall in Korea, and an amount exceeding total annual rainfall in that basin. After 2021, 
when the agreement expires, it is expected that it will be more difficult to draw social consensus 
rather than the water dispute that occurred in 2001.  
 
E. Scope and limitation of the study 
To analyze the priority using AHP method (main tool for this study), we selected participants 
who have expertise in water resources and who are not directly related with this issue to avoid 
bias. However, in order to draw conclusions about disputes using qualitative methods in reality, 
it is necessary to include not only the people who have already known the issues in detail but 
also who are direct stakeholders such as the public or customers. With these sample, and we can 
get powerful results engaging various levels of groups effectively.  
In selecting demands, although some of the potential demands discovered during the 
research could be difficult to accommodate as alternatives in terms of economic efficiency, 
universality of new demands, and institutional limits, we include them in order to be faithful to 
the purpose of this study which is analyzing priorities based on people's preferences. 
The AHP model of this study is designed to identify evaluation factors only for the specific 
dispute which we concern in this paper. It is necessary to generalize the evaluation criteria 
through additional studies in order to use this method as a decision-making tool for the overall 
water disputes. 
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II. Literature Review 
A. Brief summary of the problem and purpose  
The Yongdam Dam is a multipurpose dam built in, Jinan-gun, Jeollabuk-do, upstream of the 
Geum River to supply domestic and industrial water on the west coast region including Jeonju-si 
since 2001. Water is supplied to the upper stream of the Mangyeong River by changing the 
watershed through a tunnel to meet the shortage of water in the northwestern Jeonbuk province. 
There was a water dispute between Jeonbuk area in the Mankyung River basin and Chungnam 
area in the lower part of the Geum river where the dam is located due to the water allocation 
problem with Yongdam. Potential conflicts have been amplified due to the upcoming expiration 
of the temporary agreement. Therefore, this study aims to analyze priorities of potential demands 
from integrated perspective through AHP technique. 
 
B. General recognition for water challenges 
Growing water issue in the world. In the last century, the population doubled, while water use 
increased six-fold. In addition, international organizations such as the United Nations are calling 
for global cooperation and scientific approaches to water resources same as environmental issues 
and climate change. The world population and water demand are growing rapidly, but the 
amount of water in the whole earth is almost unchanged. As a result, it is expected that the 
amount of water available per person will decrease (MoLIT, 2017). 
Global paradigm for water management. Since the water crisis and disaster has become 
more severe, IWRM was established as a new paradigm in the 2000s in an effort to use limited 
water source efficiently. IWRM means management of water by collectively managing the entire 
watershed as an organism from the upstream to downstream of the river, taking into account all 
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human and natural activities affecting water in the watershed. More than 68% of the countries in 
the world are introducing IWRM shows its proliferation trend (K-water 2015).  
 Water, a medium for cooperation. To strengthen and settle the paradigm, we need to 
make an effort to truly understand that it will no longer be an option for stakeholders to do joint 
action considering the overall rising demand for freshwater; unilateral and forceful water policies 
reduced the chance to solve issues peacefully and led to tensions and conflicts. According to 
Kasymov (2011), water should not be subject to disputes and it has come to some extent. Of the 
world’s 263 internationally-shared rivers, less than one in five is the subject of a substantial 
international agreement on water issues. Also, The United Nations World Water Development 
Report 4 (UNESCO, 2012) supports the following with basic perceptions of water for successful 
coordination to cooperate. One is that managing water requires appropriate governance 
arrangements that move considerations of water from the government to the center of society 
(UNESCO 2012). The other is that water is a critical natural resource upon which all social and 
economic activities and ecosystem functions depend which mean freshwater beyond one sector 
of natural resources (UNESCO 2012).  
 
C. The circumstance in Korea 
Unfavorable natural conditions. The water management conditions in Korea are bad in terms 
of water quantity and quality. In addition to the fact that the population density is high, two 
thirds of the annual precipitation is concentrated in the summer rainy season, making it difficult 
for people to get the necessary amount of water. As a result, while the amount of water flowing 
in the river is fluctuating and usually small, the dependency of the river water reaches about 90% 
of the water use amount in our country (KRIHS, 2000).  
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Water management at a turning point.  Despite these adverse conditions, Korea has been 
evaluated by the OECD (2017) for having been successful in water management. But at the same 
time, we received challenges for the future. It is recommended that efficient water allocation is a 
prerequisite for future growth. 
Korea has been able to harness water resources to support rapid economic growth and 
urbanisation. This remarkable achievement materialised through supply augmentation and 
infrastructure development financed by the central budget. To cope with future challenges 
driven by rapid ageing of the population, a changing climate, and fiscal consolidation, the 
Korean model would benefit from a transition towards a system that places more attention 
on water demand management, enhances water use efficiency and allocates existing water 
resources where they create the most value for the Korean society. (p. 20) 
 
Social issues to overcome. There are two most frequently mentioned obstacles for efficient 
water allocation in, causing disputes. The first is complex water-related legislations and 
organizations. Throughout the last 50 years, more than 25 acts were enacted and revised by 
different ministries according to transitions in water policy (OECD, 2017). OECD also refers to 
this point. 
Korea’s institutional framework for water management is multi-layered and multifaceted to 
accommodate the different water uses in the country. While these institutions allowed for 
fast and effective policies, they raise important coordination challenges for the development 
and implementation of integrated, coherent and inclusive water policy. (p. 41) 
 
The second is conflict between water entitlements. The current rights to water use in our 
society can be distinguished by the customary rights which had been existing prior to the 
enactment of the River Act in 1961 and the rights granted thereafter; we have been recognizing 
both of them as rights. OECD (2017) points out the limitations of this status. 
The coexistence of water entitlements acquired before the construction of dams and 
reservoirs (customary water use and vested amounts of water) and of more recent ones (right 
to use dam water, or permission to use river water rights, which depend on an assessment of 
water availability) is dysfunctional. (p. 126) 
 
In this context, we reaffirm the need to escape the current framework and to adopt macro 
perspective. 
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D. Related studies with the Yongdam  Dam 
There are previous studies done on utilizing the surplus water of Yongdam Dam as a source of 
water. Jeonbuk Provincial Government (2011) conducted the water demand forecasting Jeonbuk 
province including the Mangyeong River basin which is the main supplying area of the dam. The 
Jeonbuk Research Institute (2008) studied new demand for water resources of water supplies in 
the Saemangeum area, a reclaimed land. Lee (2015) looked at the scenarios for improving the 
water quality of the river by using the surplus water of Yongdam Dam. Chungnam Provincial 
Government (2015) also established a long-term water vision plan in 2015. The needs presented 
in those studies can be considered as potential demands for analyzing priorities for this study. 
 
Table 2. Related strategic plans and studies with utilization of the surplus water 
Plans / Studies 
Line institutions / 
Year Authors 
A study on the strategies for securing water by changing the Saemangeum land use plan JRI 2008 
Jeollabuk-do long-term comprehensive plan for water resources (2011~2015) JPG 2011 
A study to improve the water quality of the Saemangeum using the discharge of the 
Yongdam Dam 
KEI 2013 
Saemangeum Master Plan SDIA 2014 
Master plan 2025 for development of water supply MoLIT 2015 
Chungcheongnam-do comprehensive plan of water resources CPG 2015 
A study on the Improving water quality of Mangyeong River, through environmental 
improvements water 
Lee, Yeonhui 
CNU 
2015 
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III. Research method and Model design 
A. Solution approach 
“Collection of quantitative data is often a hindrance and needs investment, which prevents 
[decision-makers (DMs)] to perform it. Qualitative evaluation can be the answer to this 
shortcoming” (Sayyadi & Awasthi, 2013, p.240). For qualitative assessment, multi criteria 
decision analysis (MCDA) techniques is used. This study applied MCDA method as known 
Analytic Hierarchy Process, and analyze priority of potential demands related with the Yongdam 
Dam focusing on qualitative data. Because people with expertise in water usage are frequently 
exposed to various water use environment and issues in Korea, therefore they can judge priorites 
of the demands based on their perceptions. Decision making in this structure supports the 
validity of qualitative analysis rather than quantitative analysis.  
The solution approach for analyzing priorities under people's preference is composed of the 
following steps: 
 Identification of potential water demands for priority review, 
 Identification of criteria for prioritizing the developed demands, 
 Application of the AHP method to determine the evaluation model, 
 Prioritizing the demands by scoring using the determined model, 
 Sensitivity analysis to check the effect of changing weights of criteria/subcriteria on the 
final results of priotizing process. 
 
Through following procedures, we analyze characteristics of the demands and categorize 
those as the criteria, focusing on comprehensive assessment. The selected criteria constitute the 
AHP model which is a tool for evaluating the preference of potential demands related with the 
Yongdam Dam. 
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B. Developing of demands 
Six potential demands related with the surplus water of Yongdam were chosen based on strategic 
plans and studies conducted until recently. Figure 3 shows the geographic location of the 
demands.  
Demands investigated have different specific characteristics each. Demand 1  has the right 
to use of the surplus; Demand 2 is an ordinary demand which can get supply from multi-purpose 
dams, but being has no right in this case; Demand 3 and 4 are new concept of water demands 
which have not been considered seriously in our society; and Demand 5 and 6 are beyond the 
general supply obligation of dams. In addition, except Demand 1, the others cannot be accepted 
under the current laws and regulations or are accompanied by large costs. Table 3 presents the 
detailed features investigated.  
 
Figure 3. General map of the developed demands’ location 
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Table 3. Summary for the developed demands   
Demands Comments 
Demand 1 
Water for  
Domestic & Industrial 
in Jeonbuk Province 
 Original construction purpose of this dam (~ '01), but actual use is 
below demand forecast 
 It is currently being used at about 30%  of the original plan (as of 
'17), and demand is expected to reach 50% level in the long term ('21) 
Demand 2 
Water for  
Domestic & Industrial 
in Chungnam Province 
 New water source needs to be secured due to rising demand in from 
eight cities in western Chungnam Prov. including Naepo New Town 
  It can be used as an alternative to construction of new dams 
Demand 3 
Water for  
Environment improvement 
of Mangyeong River 
(water quality) 
 Population and industrial facilities are concentrated around the river, 
and there are some factors causing  population increase such as 
innovative city (midstream) and Saemangeum (downstream)  
 When water is supplied, it is anticipated  that water quality will be 
improved significantly throughout the upstream and downstream areas  
Demand 4 
Water for  
Environment improvement 
of Saemangeum Lake 
(water quality) 
 After seawall construction ('06), there has been continuing long-term 
effort to improve water quality(~ 20), but the current water quality 
level is quite low (Ⅳ ~Ⅴ ) 
 The necessity using upstream clean water to improve water quality 
through physical dilution is being suggested continuously. 
Demand 5 
Water for  
River Maintenance 
of Mangyeong River 
(ecosystem) 
 By the dam planning which supplies water through changing the 
watershed, this river has been being able to get supply from the dam  
 This river is inherently insufficient in quantity of water, and it does 
not satisfy the minimal flow for conservation of ecosystem 
designated by the government. 
Demand 6 
Water for  
River Maintenance 
of Gum River 
(ecosystem) 
 Surplus water of the dam is being supplied to this river. 
 In the previous agreement, the surplus water from Jeonbuk area after 
consumption was decided to let flow to the natural river ,and it will 
continue until the expiration of the agreement (~'21) 
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C. Criteria selection 
“[Qualitative evaluations] are highly dependent on the use of defined indicators. It is very 
important to choose reasonable indicators because they measure the opinions of the decision 
maker” (Sayyadi & Awasthi, 2013, p.240). In order for fierce competition to be resolved through 
a rational consensus that everyone is satisfied with, accurate understanding of each demand must 
be required. 
Considering that this is a limited natural resource without any alternatives, we suggest 
social needs, social value, urgency, severity, and contribution possibility as indicators for 
qualitative performance measurement to evaluate the preference of people. This suggestion is 
based on characteristic of the water demands we developed. We exclude factors which 
undermine the purpose of this study such as size of accompanying costs involved or the laws that 
need to be amended. In consideration of this aspect, two criteria and five subcriteria were 
selected. The two selected criteria are the main logic presented from the consumer when 
competition or disputes arise for the use or allocation of water, and they are always in a sharply 
opposed relationship.Table 4 presents these criteria and subcriteria in detail. Figure 4 shows 
structure of AHP model designed. 
 
Table 4. Definitions of subcriteria 
Criteria Subcriteria Comments 
Purpose of water (C1) Environment (water quality) improvement (C1.1) urgency, severity, contribution possibility, 
social value; More is better; evaluate by 
the DMs' perspective in a qualitative way 
 Minimal flows for river maintenance  (C1.2) 
 Household & Industrial water (C1.3) 
Water right (C2) Customary water right (C2.1) 
social needs, social value; More is better; 
evaluate by the DMs' perspective in a 
qualitative way  Granted water right (C2.2) 
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Figure 4. Structure of the AHP model 
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D. Survey plan 
In order to avoid biased response, we formed a questionnaire group for those who are experts in 
the related fields but who are not directly involved in the work or institution based on the issue 
area. Questionnaires were conducted with face - to - face explanations to eliminate the 
respondents' comprehension errors. Table 5 shows the summary of the AHP survey.  
 
Table 5. Summary of AHP survey 
Survey Remarks 
Participants 16 water resource related experts 
Period 2018.10 
Contents Providing weight for criteria 
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IV. AHP analysis 
A. AHP technique 
AHP is used to investigate the priority from the list of potential demands for allocating surplus 
water. The AHP technique is one of the decision making techniques that supports a number of 
decision-making goals or evaluation criteria, and systematically evaluates alternatives with 
different preferences. It has been widely used in qualitative and multi criteria decision making 
since it was developed by Thomas Saaty in the early 1970s. The most important feature of the 
AHP technique is to divide the various evaluation elements constituting the problem into main 
elements and sub-elements, and derive the relative importance of the elements through pair-wise 
comparison of the elements of the hierarchy. This technique is based on decomposing and 
structuring the problem in a way similar to human thinking, and measuring the subject 
consideration of the relative importance and alternatives between the evaluation factors in a ratio 
scale to produce a quantitative result which is recognized as being useful.  In addition, despite 
the simple application procedure, the various techniques used in the selection of scales, 
weighting procedure, and sensitivity analysis are highly evaluated theoretically because they use 
methods adopted through empirical analysis and rigorous mathematical verification (KDI, 2008). 
AHP has been broadly used for evaluation of waterfront area development alternatives 
(Kim, 2016), priority analysis for environmental impact factors (Lim, 2004), analysis of factors 
improving sewer maintenance system (Lee, 2013), and preliminary feasibility study of 
Seongdeok and Sinpung Dam (KDI, 2002). This method is more accurate and adaptable 
compared to the cost-benefit analysis with the view of decision makers in the water related 
development investment due to subjective preference of the impact of socio-economic variables 
(KDI, 2002). 
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B. Defining the various steps of AHP 
The major procedure follows  the defined steps:  
 Step 1: Decomposing and structuring the problem into a hierarchy including the primary 
goal, and a number of levels of criteria, 
 Step 2: Determination of the weight of the criteria (Level 1). Sum of the value of each 
criteria is to be 100 points. There is no guided range to value the criteria. 
 Step 3: Building the pair-wise comparison matrices for all subcriteria [Cj] (Level 2). 
Figure. 5 illustrate a decision matrix consisted of values of performance (aij) and weights 
of criteria (wj).        
 
Figure 5. Typical decision matrix 
 
 Step 4: “The aforementioned matrices are square matrices in which the diagonal members 
are valued 1. To perform the comparison, values are given on a scale of 1–9. Table 6 
presents the scales used by DMs [(participants)]. In pairwise comparison of two 
alternatives, the value of aij is drawn from Table [6], so the assigned number to aji should 
be the inverse value of aij (aji = 1/aij)” (Sayyadi & Awasthi, 2013, p.242).  
 Step 5: “Calculating the principal eigenvalue λ and eigenvector EVC of matrices [Cj]. It 
helps to estimate the relative weights of decision elements. The maximum eigenvalue is 
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called λmax. Once λmax is obtained, two other coefficients-consistency index (CI) and 
consistency ratio (CR)-are computed  
consistency index∶ CI = (λmax – n) / (n-1) 
consistency ratio∶ CR = CI / RI 
where RI = random consistency index presented by Saaty (1980). The RI values can be 
read from Table [7]. In Table [7], n is the number of [criteria] for [Cj]: If CR ≤ 0.1 then 
the pairwise comparison matrix is considered to be consistent, and the performance 
ratings can be used for further analysis. In case CR ≥ 0.1, the comparison matrix should 
be improved” (Sayyadi & Awasthi, 2013, p.242).  
 Step 6: Normalizing the eigenvector matrices values to calculate final weights (pi) using 
the row geometric mean method. This should be done for each subcriteria. With the 
pairwise N×N comparison matrix A = aij   
We calculate                              𝑟𝑖 = 𝑒𝑥𝑝 ⌊
1
𝑁
∑ ln⁡(𝑎𝑖𝑗)
𝑁
𝑗=1 ⌋ = ⁡ (∏ 𝑎𝑖𝑗
𝑁
𝑖=1 )
1/𝑁
 
and normalize                                                𝑝𝑖 =⁡𝑟𝑖/⁡∑ 𝑟𝑖
𝑁
𝑖=1  
 Step 7: This step is the process of scoring preferences for each alternative based on each 
criteria and subcriteria. 
 Step 8: Multiplication between the each evaluated score (Xh) at the previous step for the 
alternatives and the corresponding global weight (Wh) of the subcriteria to obtain final 
score (Vk) of a DM for prioritization. The higher value means the better alternative. 
                                                                        𝑉𝑘 = (∑ 𝑊ℎ𝑋ℎ
𝑐
ℎ=1 )  
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Table 6. Definition of preference ratings and evaluation scale in the AHP method 
Explanation Option definition Numerical value 
Two factors contribute equally to the objective Equal 1 
Judgment slightly favors one over another Marginally strong 3 
Judgment strongly favors on over another Strong 5 
Judgment very strongly favors on over another Very strong 7 
Judgment highly gives special importance to one 
over another one 
Extremely strong 9 
When compromise is needed Intermediate values 2, 4, 6, 8 
Note: Saaty (1980). 
 
Table 7. RI values  
n 2 3 4 5 6 7 8 9 10 
RI 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 
Note: Data from Saaty (1980). 
 Step 7: “If more than one DM is involved in the decision making process, then their 
opinions are aggregated by taking the geometric mean of the final weights provided by 
the different DMs for the subcriteria, and alternatives, respectively. For example, if DM1 
gives weight = 0.5 to the criteria [C1.1], DM2 gives 0.8, and DM3 gives 0.7, then the 
aggregate weighting obtained from the geometric mean is given by √0.5 × 0.8 × 0.7
3
=
[0.65]” (Sayyadi & Awasthi, 2013, p.243).  
 
Sensitivity analysis. This is the last step to analyze the effect of changes in weight values of the 
criteria and recalculating the final results. This is performed by changing the weights of each 
criteria and confirming the influence on the priorities. 
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C.  Determining the relative priority of evaluation criteria 
The weights of each level are determined by the results of pairwise comparisons between 
evaluation criteria. The respondents give numerical evaluation to the subcriteria on a scale of 9. 
For the criteria level, they evaluate relative importance on a scale of 100 points. For example, 
they evaluate to C1 : C2 = 60 : 40.  
  Tables 8-10 shows the pairwise ratings for each level of the criteria, respectively. “Having 
prepared the matrices, the eigenvalue and eigenvectors can be calculated to test the accuracy of 
weighting and establish primary ranking matrices” (Sayyadi & Awasthi, 2013, p.243). There are 
several general purpose computer software that can perform AHP analysis. We use the free 
online Excel template (Goepel, 2013) for this study. The results of the main steps of the analysis 
are shown at the below tables. Table 8 shows the weighting results of the criteria. We adopt 
a median to avoid distortion of the rating of the criteria considering that there are no limitations 
on the upper and lower limits of rating. 
 
Table 8. Criteria weights 
Criteria   Weight 
Purpose of water    0.7 
Existence of right    0.3 
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Table 9. Pair-wise comparisons for subcriteria of purpose of water C1 
Criteria C 1.1 C 1.2 C 1.3 
C 1.1 * 1 1/9 1/3 
C 1.2 1 * 2/7 
C 1.3 3 3 1/2 * 
Note: Checking consistency: λmax = 3 → CI =  0 → RI = 0.58, CR =0 < 0.1 → matrix consistency OK. 
 
Table 10. Pair-wise comparisons for subcriteria of existence of right C2 
Criteria C 2.1 C 2.2 
C 2.1 * 1/3 
C 2.2 3 * 
Note: Checking consistency: λmax = 2 → CI = 0 → RI = 0, CR = 0 < 0.1 → matrix consistency OK. 
 
Table 11 shows the weights of each steps, global and local for the criteria and subcriteria. The 
final weights of the each criteria are produced by multiplication of two weights, a criteria weight 
and a local weight (among same category). For instance, for criteria C1.1 [environment (water 
quality) improvement], the local weight is 0.185, and the first level of criteria weight [purpose of 
water (C1)] is 0.7; therefore global weight for C1.1 is 0.130 by the product of 0.185, 0.7. 
 
Table 11. Weights of five subcriteria 
Criteria Local weigh Global weight 
C 1.1 0.185 0.130 
C 1.2 0.167 0.117 
C 1.3 0.648 0.454 
C 2.1 0.260 0.078 
C 2.2 0.740 0.222 
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D. Scoring for the alternatives 
As noted at Section 4.3, Table 11 illustrates a relative importance (or preference) of evaluation 
criteria to be applied to priority analysis process. The goal in this stage is to provide scoring 
respectively to the potential alternatives developed at Section 3.2 using the selected criteria items 
at Section 4.3. The conditions and scales of scoring for this stage are shown in Table 12. 
 
Table 12. Definitions of scoring for the alternatives 
Items (subcriteria) Consideration Scoring 
Environment (water quality) improvement (C1.1) urgency, severity, 
contribution possibility, 
social needs, social value 
More is better;  
Scale: 1(less) – 5(better) 
Minimal flows for river maintenance  (C1.2) 
Household & Industrial water (C1.3) 
Customary water right (C2.1) Whether there is current 
right or not 
More is better; Scale: 2(no 
right) or 4(having right) Granted water right (C2.2) 
 
Table 13 presents the scores of the six alternatives (Demands 1–6). The scores are produced 
by combining the results of two stages, global weights of the subcriteria and overall scores rated 
for the six demands. For example, for Demand 1 of Participant 1, the original score evaluated by 
participant1 as the defined criteria at Table 12 = 9 (consisting of  C1.1 = 1, C1.2 = 1, C1.3  = 1, 
C2.1 = 2, C2.2 = 4) and the global weights for those criteria are 0.130, 0.117, 0.454, 0.078, 0.222 
each (same order as the criteria mentioned just above); therefore its combined score (final score 
for participant 1) = 1×0.130+1×0.117+1×0.454+2×0.078+4×0.222 = 1.75. Also, in order to 
prevent the distortion according to the score distribution between the respondents, it is confirmed 
that the variance of sixteen score groups is significant. 
We aggregate DMs’ opinion by taking the geometric mean. The priorities for the six 
demands are determined as shown in Fig 6. Based on scoring from DMs, Demand 2, Water for 
Domestic & Industrial in Chungnam Province, emerged as the most reasonable water demand.  
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Table 13. Results of scoring for the six alternatives 
Participant Demand 1 Demand 2 Demand 3 Demand 4 Demand 5 Demand 6 
P 1 1.75 3.12 1.43 1.82 2.03 1.59 
P 2 3.11 3.12 1.56 1.82 1.54 1.69 
P 3 2.90 2.91 2.25 2.91 3.16 3.31 
P 4 2.20 2.66 1.81 1.81 1.91 1.95 
P 5 3.11 2.66 2.17 2.17 2.16 2.32 
P 6 2.65 2.66 1.68 1.43 1.68 1.94 
P 7 3.11 2.66 1.94 2.06 2.03 1.82 
P 8 2.78 2.91 2.83 2.63 2.50 2.99 
P 9 2.20 3.12 2.29 2.29 2.03 2.19 
P 10 2.20 3.12 1.68 1.43 1.68 1.46 
P 11 1.75 1.76 1.81 2.50 1.91 2.03 
P 12 3.56 3.12 1.81 2.06 1.90 2.06 
P 13 1.75 2.66 1.56 1.56 1.42 1.46 
P 14 1.75 2.66 1.43 1.69 1.42 1.46 
P 15 1.75 4.11 2.00 3.40 2.00 1.46 
P 16 1.75 2.21 2.04 3.08 2.04 2.20 
Aggregated 
score 
2.32 2.80 1.86 2.09 1.92 1.93 
Priority 2 1 6 3 5 4 
 
Figure 6. Result of the overall evaluation for the alternatives 
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E. Sensitive analysis 
The purpose of sensitivity analysis is to analyze the influence of changing the weight value of the 
criteria and recalculating the final results. Table 15 presents one result of sensitivity analysis 
tests. We performed sixteen sets of test. For the first test, all subcriteria weights were set equally 
at 0.2. In the remained 15 tests, the weight of one subcriteria is set as 0.7 and the weights of the 
remained are set to 0.075 equally, and then repeat by changing highest weight subcriteria for the 
others. And repeat the same pattern with the change of highest weights to 0.6 and 0.5 each.  
 
Table 14. Results of sensitivity analysis 
Criteria WC1 = 0.7, WC2 = 0.3  Aggregated weight of final scores  
Subcriteria weights  Demand 1 Demand 2 Demand 3 Demand 4 Demand 5 Demand 6 
Ranking of 
alternatives 
WC1.1-C2.2 = 0.2  0.98 1.18 1.19 1.34 1.26 1.20 D4>D5>D6>D3 
WC1.1=0.7, WC1.2-WC2.2 = 0.075  0.85 0.98 1.92 2.21 1.56 1.30 D4>D3>D5>D6 
WC1.2=0.7, WC1.1,1.3-2.2 = 0.075  0.83 0.98 1.36 1.47 1.95 1.51 D5>D6>D4>D3 
WC1.3=0.7, WC1.1-1.2,2.1-2.2 = 0.075  1.27 2.24 0.98 1.14 1.02 1.01 D2>D1>D4>D5 
WC2.1=0.7, WC1.1-1.3,2.2 = 0.075  0.75 0.83 0.83 0.89 0.86 1.22 D6>D4>D5>D2 
WC2.2=0.7, WC1.1-2.1 = 0.075  1.13 0.83 0.83 0.89 0.86 0.84 D1>D4>D5>D6 
WC1.1=0.6, WC1.2-WC2.2 = 0.1  0.88 1.02 1.77 2.04 1.50 1.28 D4>D3>D5>D6 
WC1.2=0.6, WC1.1,1.3-2.2 = 0.1  0.86 1.02 1.33 1.45 1.81 1.45 D5>D4>D6>D3 
WC1.3=0.6, WC1.1-1.2,2.1-2.2 = 0.1  1.21 2.03 1.02 1.19 1.07 1.05 D2>D1>D4>D5 
WC2.1=0.6, WC1.1-1.3,2.2 = 0.1  0.79 0.89 0.90 0.98 0.94 1.21 D6>D4>D5>D3 
WC2.2=0.6, WC1.1-2.1 = 0.1  1.09 0.89 0.90 0.98 0.94 0.91 D1>D4>D5>D6 
WC1.1=0.5, WC1.2-WC2.2 = 0.125  0.91 1.07 1.64 1.87 1.45 1.26 D4>D3>D5>D6 
WC1.2=0.5, WC1.1,1.3-2.2 = 0.125  0.89 1.07 1.30 1.43 1.68 1.40 D5>D4>D6>D3 
WC1.3=0.5, WC1.1-1.2,2.1-2.2 = 0.125  1.16 1.82 1.07 1.24 1.13 1.09 D2>D4>D1>D5 
WC2.1=0.5, WC1.1-1.3,2.2 = 0.125  1.16 1.82 1.07 1.24 1.13 1.09 D6>D4>D5>D3 
WC2.2=0.5, WC1.1-2.1 = 0.125  1.07 0.97 0.98 1.08 1.02 0.99 D4>D1>D5>D6 
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Figure 7 shows the final results of sensitivity analysis of all tests showing the final results 
fluctuate much according to the change in subcriteria weights with the Demand 2 (Water for 
Domestic & Industrialin Chungnam Province) rising as the winner in the only few cases (3/16). 
The win cases exactly go with the experiments which gave high weight the subcriteria C1.3 
(Household & Industrial water). Therefore, the result tells us the decision making process is quite 
sensitive to the change of subcriteria weights. To check the effect of change in the first level 
criteria’s weights on the final results, three sets of tests are carried out. In the first set of test, the 
weights of two criteria (C1 and C2) are set equal to 0.5. In the remaining two tests, the weight of 
each criteria set at 0.7 each and the weights of the remaining are 0.3 each. The results show the 
same tendency with previous results and present that the Demand 2 rises as a top priority in the 9 
of 48 cases.  
 
Figure 7. Results of sensitivity analysis 
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V. Findings and Recommendations 
In this study, analytic hierarchy process approach is performed for water use priority 
determination. This complements the plenty of quantitative studies that are already conducted. A 
decision-making group is comprised of experts who have specialty in water resources areas to 
select the criteria/subcriteria and to evaluate water demands. Six potential water demands related 
with the surplus water of the Yongdam Dam are considered as targets to evaluate the priority; 
namely Water for Domestic & Industrial in Jeonbuk Province, Domestic & Industrial in 
Chungnam Province, Environment improvement of Mangyeong River (water quality), 
Environment improvement of Saemangeum Lake (water quality), River Maintenance of 
Mangyeong River (ecosystem), and River Maintenance of Gum River (ecosystem).The data 
which are utilized to evaluate potential demands is basically qualitative-oriented and developed 
through literature review. The result of this study determines that the Water for 
domestic/industrial in Chungnam Province is the best choice for allocation the limited resource, 
and the priorities we have got are quite sensitive to a change in criteria weights.  
The findings of this study are summarized as follows: 
Public perception. In the survey for the groups of public gathered by their residence based, 
we found not only the motivation of this study to deal with water disputes, but also the 
possibility that various conflicts arising in our society are linked to regionalism. The first priority 
demand and the lowest ranking, sixth which are selected by the two provinces each, Chungnam 
and Jeonbuk, show distinct opposite tendency. The findings suggest that the two demands would 
be in the fiercest competition among the six demands, and that it is imperative to introduce a 
qualitative consensus tool to resolve the dispute. 
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Table 15. Comparison of best and worst ranking from two specific groups 
Demands 
 People based 
in Jeonbuk 
 People based in 
Chungnam 
 
Others 
 P1 P2 P3  P4 P5 P6 
 
P7 P8 P9 
Domestic/Industrial in Jeonbuk Prov.  1 1 2  5 5 6 
 
6 2 6 
Domestic/Industrial in Chungnam Prov.  6 6 6  1 1 1 
 
1 1 2 
Note: Refer to Table 1. 
 
In addition, the main logic of judging the preference of non-expert group without any 
regional interests could be reasonably assumed as the follows (aligned by ranking):  
 Demand that is at present or is highly probable to occur, regardless of the type or quantity, 
 Among actual demands, water for domestic and industrial is top priority, 
 Under the same condition, the demand from the original river is given priority. 
 
DMs’ opinion. The result of AHP analysis reveals interesting things. At the criteria level, 
we find  that Purpose of water (C1) receives 70 out of 100 points. Through this, we confirm that 
there is a demand for changing the paradigm of water allocation. In case of the subcriteria level, 
Household and Industrial water (C1.3) is ranked as the most important factor with a weight of 
0.454. Even though this factor is include the criteria C1, the characteristic is somewhat involved 
with criteria C2 in terms of right for water use which means under the current law the water for 
household has the priority. Based on these opinions we can assume that there is low chance to 
get sharing extra water to new purposes if the water closely related with human life such as 
drinking water cannot be supplied sufficiently. 
In the result of scoring for six demands, water for Domestic & Industrial in Chungnam 
Province (D2) was chosen as the top demand with an aggregated score 2.80. On the basis of 
scoring criteria, the nature of Demand 2 can be judged that it is a fundamental and urgent 
demand that does not have the right to use at present. 
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Figure 8. Analysis result of weighing for criteria and subcriteria 
        
 
Sensitivity of the result. This study shows that the decision making process is quite 
sensitive to the change in the weight of criteria and subcriteria. This means that the results of this 
study can be changed according to the scoring from the participants even though various 
technical methods are adopted to exclude their bias in the research process. There may be various 
interpretations. First, issues related to the use of the water can be accepted as a sensitive and 
difficult social problem. In other respects, the priority of water allocation is thoroughly 
determined by its purpose and necessity.  
The standard deviation of criteria weight is 3.6 out of 100 points, and that the consensus 
index, which indicate consensus of participants’ answer, ranges from 64% to 71% that 
corresponds to the moderate level in this study. It shows that there is also some possibility that 
the participants' choices fluctuate in response to the degree of their understanding for the 
potential water demands. 
Conclusion. This study is meaningful as the first study to apply quantitative analysis 
method as a decision making tool for the priority determination over water usage. Through 
following studies considering the study’s finding, we can develop advanced model and introduce 
in the field as a practical tool.  
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